Introduction
The chemistry and pharmacology of thiazolidinone derivatives have generated considerable interest because of their outstanding biological activities.
1,2 They are reported to have antitumor, 3, 4 anticonvulsant, 5 antibacterial, 6 antiviral, 7 cardiotonic, 8, 9 and antidiabetic 10, 11 properties. In particular, thiazolidinone-linked benzothiazole analogs have recently proven to be attractive compounds considering that benzothiazole derivatives have a wide spectrum of pharmacological activities. The oxindole framework is a versatile structural motif found in a variety of biologically and pharmaceutically active natural products and as a useful synthon in organic synthesis. 17−20 Oxindole derivatives possess various biological activities such as anesthetic, 21 antirheumatic, 22 and anti-inflammatory 23 properties. It has been found that combination of two or more heterocyclic scaffolds in one hybrid molecule can give access to a series of compounds with a broad spectrum of biological activity. Therefore, it is a great challenge to develop an efficient and convenient strategy to access the new compounds containing thiazolidinone, benzothiazole, and oxindole rings.
Recently, the use of nano silica-based materials as heterogeneous catalysts has attracted considerable attention in organic synthesis. 24−27 They have different physical and chemical properties when compared to bulk material due to the higher surface area of silica nanoparticles. 28 They offer several advantages, including great catalytic activity, good thermal stability, low cost and toxicity, easy work-up, high catalyst loading capacity, and good dispersion of active reagent sites. have prepared nano silica-bonded 5-n-propyl-octahydro-pyrimido[1,2-a]azepinium chloride (NSB-DBU) by the reaction of nano silica-n-propyl chloride and DBU, which was used for the synthesis of novel benzothiazole substituted 4-thiazolidinones. 35 In continuation of our ongoing program aiming at yielding novel heterocyclic compounds, 35−38 herein we report a facile process for one-pot synthesis of new oxindole derivatives bearing a benzothiazolylmethyl-2-thioxothiazolidin-4-one fragment using nano silica-bonded 5-n-propyl-octahydropyrimido[1,2-a]azepinium chloride (NSB-DBU) as heterogeneous nanocatalyst.
Results and discussion
NSB-DBU was prepared from the reaction of nano silica-n-propyl chloride and DBU as shown in Figure 2 . 35 In an effort to optimize the process, the one-pot reaction of 2-(4-oxo-5-(2-oxoindolin-3-ylidene)-2-thioxothiazolidin-3-yl)acetic acid 1a (1 mmol), 2-aminothiophenol 2 (1 mmol), and triphenyl phosphite 3 (TPP) (1 mmol) was carried out in various conditions as a simple model reaction ( Figure 3 ). Initially, we focused on systematic evaluation of different catalysts for the model reaction ( Table 1) . As shown in Table 1 , the reaction did not take place without any catalyst (Table 1 , entry 1). The most interesting result was obtained with NSB-DBU as the catalyst. Then the reaction was examined in the presence of different molar ratios of NSB-DBU and TBAB. The best result was obtained with 10 mol% of NSB-DBU and 25 mol% TBAB at 100
• C (Table 1, After optimization of the model reaction, the scope and generality of these conditions with other reactants were examined by using 5-oxoindolinylidene rhodanine-3-acetic acid derivatives 1a-i (1 mmol), triphenyl phosphite (TPP) (1 mmol), and 2-aminothiophenol (1 mmol) in the presence of NSB-DBU (10 mol%, 0.09 g) and TBAB (25 mol%) according to Figure 3 . As shown in Table 2 , the compounds 4a-i were produced in excellent yields (85%-92%). The structures of the products were established by IR, 1 H and 13 C NMR spectroscopy, mass spectrometry, and elemental analysis. In order to investigate the recyclability of the NSB-DBU, the synthesis of 4a was examined as a model reaction. The recovered dried catalyst was reused for the next run of reaction. The results showed that the catalyst could be reused 9 times and no significant loss in the product yield was apparent (Table 3) . The probable mechanism for the formation of products is depicted in Figure 4 . First, the reaction of carboxylic acid 1 with triphenylphosphite in the presence of basic catalyst gives intermediate 5, which is attacked by the anion of 2-aminothiophenol leading to adduct 6. Finally, the target product, 4, is formed by intramolecular cyclization and dehydration of intermediates under the reaction conditions. In summary, a series of unreported compounds containing thiazolidinone, benzothiazole, and oxindole rings were synthesized using NSB-DBU as a heterogeneous reusable catalyst. The major advantages of the present synthetic protocol are excellent yields, short reaction times, ecofriendly and reusable catalyst, and easy reaction work-up procedure.
Experimental
All chemicals and reagents were purchased from Fluka and Merck and used without further purification. Nano silica-n-propyl chloride was prepared according to the reported procedure. 39 Melting points were measured on an Electrothermal 9100 apparatus. NMR spectra were recorded with a Bruker DRX-400 AVANCE instrument (400.1 MHz for 1 H, 100.6 MHz for 13 C) with DMSO as solvent. Chemical shifts (δ) are given in parts per million (ppm) relative to TMS, and coupling constants (J) are reported in hertz (Hz). IR spectra were recorded on an FT-IR Bruker vector 22 spectrometer. Mass spectra were recorded on a Finnigan-Matt 8430 mass spectrometer operating at an ionization potential of 70 eV. Elemental analyses were carried out with a PerkinElmer 2400II CHNS/O Elemental Analyzer.
Preparation of nano silica-bonded 5-n-propyl-octahydro-pyrimido[1,2-a]azepinium chloride (NSB-DBU)
NSB-DBU was prepared according to our previously reported procedure. 
General procedure for the synthesis of compounds 4a-i
5-Oxoindolinylidene rhodanine-3-acetic acid derivatives 1a-i were obtained by the reaction of rhodanine-3-acetic acid with isatin derivatives in ethanol medium. 40 A mixture of 5-oxoindolinylidene rhodanine-3-acetic acid derivatives 1a-i (1 mmol), triphenyl phosphite (TPP) (1 mmol), 2-aminothiophenol (1 mmol), TBAB (0.25 mmol), and NSB-DBU (10 mol%, 0.09 g) as catalyst in a 10-mL round-bottomed flask was placed in an oil bath. The solution was stirred at 100 • C for the specified time period. After completion of the reaction, the mixture was diluted by the addition of 3 mL of hot methanol and filtered to separate the products as filtrate from the catalyst. The recovered catalyst was washed with methanol-acetone (1:1), dried for about 60 min at 60 • C, and reused for the next run of reaction. The product was obtained by evaporating the filtrate and then recrystallizing from methanol. 
